Background. Our empirical modeling suggests that deformation of placental vascular growth is 32 associated with abnormal placental chorionic surface shape. Altered chorionic surface shape is 33 associated with lowered placental functional efficiency. We hypothesize that placentas with 34 deformed chorionic surface vascular trees and reduced functional efficiency also have irregular 35 vascular arborization that will be reflected in increased variability of placental thickness and a 36 lower mean thickness. 37
Results. Non-centrality of the umbilical cord insertion was strongly and significantly positively 48 correlated with disk thickness of the (Spearman's ρ=0.128, p=0.002). Deformed shape was 49 strongly and significantly associated with lower overall thickness and higher variability of 50 thickness with  between -0.173 and -0.254 (p<0.001) . Both lower mean thickness and high 51 variability of thickness are strongly correlated with higher  (reduced placental efficiency) 52 (p<0.001 and p=0.038 respectively). Greater thickness variability is correlated with higher  53 independent of the other placental shape variables p=0.004. 
106
The fetal surface of the placenta was wiped dry and placed on a clean surface after which the 107 extraplacental membranes and umbilical cord were trimmed from the placenta. The fetal 108 surface was photographed with the Lab ID number and 3 cm. of a plastic ruler in the field of 109 view using a standard high-resolution digital camera (minimum image size 2.3 megapixels). A 110 trained observer (D.H.) captured series of x,y coordinates that marked the site of the umbilical 111 cord insertion, the perimeter of the fetal surface, and the "vascular end points", the sites at 112 which the chorionic vessels disappeared from the fetal surface. The perimeter coordinates werecaptured at intervals of between 1cm and 2cm, and more coordinates were captured if it 114 appeared essential to accurately capturing the shape of the fetal surface. 115 sections was increased if it appeared necessary to capture significant details of placental shape, 120 such as multiple lobes. Each placental slice was digitally traced by a trained observer (D.H.) to 121 capture its perimeter. The perimeter coordinates were again captured at intervals of between 1 122 and 2cm. 123
124
Placentas which were received from the Pathology Department in several pieces, or with parts 125 removed could not be sliced according to the protocol. This has resulted in a reduced number of 126 cut placentas, compared to the number of placentas collected. The total number of placentas for 127 which the traced slices were obtained is 771, of which N=587 were delivered at term. This 128 equals 57% of all placentas delivered at term in the study. 129
130
Fourier analysis of the placental surface shape. 131
As in our previous work [2], we use Fourier analysis to quantify the placental surface shape. 132
First, the umbilical insertion point is placed at the origin. Perimeter markers are connected by 133 straight line segments to obtain an approximate perimeter P of the chorionic plate. A sector of 134 opening of 6 with vertex at the origin is rotated in 6 increments. For each turn of the sector, the 135 points in P inside of it are averaged to yield a radial marker. In this way, we obtain 60 radii 136 emanating from the origin spaced at 6 intervals. They are connected to obtain the angular Fig. 1 and Fig 2) . An n-fold symmetry of the placental surface is reflected in a larger value of 142 the coefficient C n . In Fig. 3 we demonstrate this principle with two idealized placental shapes: a 143 tri-lobate one (C 3 =1, and for all other n>0, C n =0), and a star-shaped one (C 5 =1, and for all other 144 n>0, C n =0). Observe, how this principle works for also for real regularly-irregular placentas in 145 lobate placenta will have a larger C 3 (see Figure 1) . 165
We also use a measurement of deviation of placental shape from the mean round shape 166 described in [7] as Symmetric Difference . The larger value of  implies a larger difference 167 between the placental surface area and the mean round shape. and slices was carried out using our proprietory ANSI C package "Placental-geometry". 207
Results. 208

Thickness versus Fourier displacement. 209
The first Fourier coefficient C 1 is strongly and significantly positively correlated with mean 210 thickness (Pearson's r=0.146, p<0.001; Spearman's ρ=0.128, p=0.002). Thus a large umbilical 211 cord displacement results in a thicker placenta. This confirms the findings of [2] . 212 thickness (see Table 1 ). Further, there is a negative correlation with mean thickness, and with 217 normalized mean thickness. Thus, the deformation of the placental surface shape which 218 corresponds to a deformed placental vascular growth, (which may, in particular, be manifested 219 as a regularly-irregular shape), results in a higher variability of placental thickness, and a lower 220 mean thickness. 221
222
Variability of thickness versus placental efficiency. 223
Finally, we test whether the effect of the lower placental thickness is a reduced placental 224 efficiency, as predicted by our model [1, 4] . We find a strong and significant positive correlation 225 of variability of thickness with β. Thus, a placenta with thin parts will tend to have a reduced 226 functional efficiency, resulting in a smaller baby for a given placental weight. 227
Using the symmetric difference , thickness, and umbilical cord displacement as control 228 variables, we find a significant (p<0.004) partial correlation (0.135) between the value of β and 229 variability of thickness. 230
Conclusions. 231
Our findings confirm the predictions of the empirical model of placental vascular growth [1, 2] , as 232 well as demonstrate the effectiveness of Fourier analysis of the placental chorionic surface 233 shape. We find two distinct scenarios in which the morphology of the placental surface affectsthere is no abnormality in the placental surface shape in this case. Yet, there is an increase in 236 the placental weight, relative to the birth weight. This is confirmed by our present results, which 237
show a higher average thickness of the placenta in this case. The placental functional efficiency 238 is lowered, which is reflected in a higher value of the scaling exponent . 239
The second scenario corresponds to a deformed placental surface shape, quantified as a higher 240 value of one of the Fourier coefficients C 2 ,..,C 5 . This case includes, in particular, the typical 241 regularly-irregular placental shapes, such as multi-lobate or star-shaped placentas. We have 242 speculated [1] that these deformed shapes reflect irregular villous arborization due to the impact 243 of stressors on the placental vascular branching growth. We have proposed in [1] , based on our 244 empirical model of placental vascular growth, that such surface shapes will be accompanied by 245 irregular placental thickness, with thinner areas corresponding to gaps in vascular coverage. 246 This is confirmed by the findings of the present paper. Deformed surface shapes correspond to 247 highly variable thickness. The presence of areas of low thickness leads to a lower average 248 thickness in this case. As expected [1, 4] , such placentas also have a lowered functional 249 efficiency (a higher value of ), and thus yield a smaller baby for a given placental weight. 250
251
Accounting for effects of placental shape, cord displacement, and the value of thickness as 252 factors, we see that the variability of thickness alone is responsible for much of the observed 253 reduction in placental functional efficiency. Thus, the non-uniform villous and vascular 254 arborization, which is reflected in a non-uniformly thick placenta, is reflected in a lower birth 255 weight for a given placental weight (larger ). 256
The measurement of variability of placental thickness is thus shown to be a valuable predictor 257 of placental functional efficiency, reflecting deficiencies of placental vascular development which 
